ABSTRACT: Two different, hitherto unknown, diseases occurred in two specimens of Sagitta crassa which were individually isolated and maintained in the laboratory. One specimen survived for 24 days, producing a total of 343 eggs and suddenly died without showing any prior symptoms, and upon death had a grotesque appearance. The other had ciliary sense organs the hairs of which became stuck to one another. Ciliary sense organs are important for feeding of chaetognaths; once they become abnormal, the chaetognath may die of starvation. Specimens suffering from X-diseases have not been obtained from field samples so far. Chaetognaths which remained transparent at the time of death included specimens whose ciliary sense organs were attacked by bacteria, those slightly infected by bacteria on their body surface and those with abnormally rough body surfaces. Although the reasons for the development of the abnormality of the ciliary sense organs and body surfaces as well as the mechanism of bacterial infection remain obscure, bacterial infection and abnormalities of the body surface are often observed not only in the laboratory but also in the sea.
INTRODUCTION
"No marine organism seems to be completely free of potential disease agents and all systematic animal groups contain members which can act as agent or host" (Kinne, 1980a, p. 3) . Although the information at hand on the diseases of marine animals is in many cases fragmentary and often inadequate, commercial interests have directed considerable funds and efforts into analyzing disease phenomena in bivalves, decapod crustaceans and teleost fishes (Sindermann, 1970; Kinne, 1980b Kinne, , 1983 Lauckner, 1983) . In contrast, the ecological significance of biotic diseases in most of the animals in oceans and coastal waters has received little attention from marine scientists. Of no or limited economical importance, most of the animals concerned await thorough investigation (Kinne, 1980a) .
Chaetognaths are an abundant component of the plankton community and are usually the most important carnivores in the sea. However, general reviews on chaetognaths (Hyman, 1959; Alvarifio, 1965; Ghirardelli, 1968) contain no information on diseases. have shown that living chaetognaths are attacked by bacteria both under laboratory and field conditions and that bacterial infections are common in chaetognaths maintained in the laboratory; in fact, most of the captive specimens suffer from some decay of body parts. We also describe here abnormalities of ciliary sense organs and abnormalities in specimens still transparent upon death (i.e. a condition possibly tnot caused by bacterial infection).
MATERIALS AND METHODS
Chaetognaths, Sagitta crassa Tokioka, were collected on 12 different days in Shinhamako, a saline lake which is connected with Tokyo Bay and m a i n t a i n e d as described by N a g a s a w a (1984) in the laboratory a n d provided with copepods such as Acartia clausi Giesbrecht, Tigriopus japonicus Mori, or Oithona aruensis Friichtl (Nishida & Ferrari, 1983) , or polychaete larvae. Fecal pellets, u n e a t e n copepods and any eggs produced were removed a n d counted each day. A group of 100 chaetognaths was thus observed daily until they died. Their condition at the time of death was noted a n d categorized . Eight specimens, referred to as S1, $2, $3, $4, $5, $6, $7 a n d $8, were e x a m i n e d u n d e r a s c a n n i n g electron microscope (JSM-35) after critical point drying (Hitachi HCP-2) and coating with gold (JFC-1100). Individual S1 was i n c l u d e d in the category of "tail d a m a g e " whereas $2 a n d $3 in the category "head damage". Another 5 individuals, $4, $5, $6, $7 and $8, were i n c l u d e d in the category "body, curved a n d transparent". Each species of chaetognaths has identical morphological characteristics of its ciliary sense organ (Nagasawa & Marumo, 1982} and body surface. Therefore, as standards for comparison with the a b n o r m a l body surfaces and ciliary sense organs of s p e c i m e n s described in this study, healthy specimens of Sagitta ferox Doncaster p r e p a r e d for study of the fine structure of ciliary sense organs (Nagasawa, unpubl.) were used.
RESULTS

X -d i s e a s e No. 1
Individual S1 (8 m m long} b e g a n to lay eggs 8 days after sampling; it survived for 24 days p r o d u c i n g a total of 343 eggs. Surprisingly, one of the two ovaries usually did not contain eggs. During m a i n t e n a n c e Acartia clausi were offered as food; the m e a n daily ration of S1 was 10.4 copepods (Nagasawa, 1984) . The tail of S1 b e c a m e a little opaque 23 days after sampling, but we n e v e r expected S1 to die from this minor tail d a m a g e j u d g i n g from previous observations of other chaetognaths with minor bacterial infections . However, $1 died the day after the tail d a m a g e appeared, a n d its entire body b e c a m e o p a q u e a n d constricted. We believe its death was not caused by bacteria. U n e a t e n copepods were still alive in the container of $1 although the predator was dead. This suggests that $1 did not die due to the quality of the seawater used. We found fecal pellets, but no eggs in the container of this dead specimen suggesting that it had fed as usual, but died before s p a w n i n g which usually occurs at d a w n (Nagasawa & Marumo, 1984}. U n d e r SEM the whole body of S1 had a grotesque a p p e a r a n c e ( Fig. 1) , apparently due to d e g e n e r a t i o n of the epithelium. We assume, therefore, that this chaetognath died due to an u n k n o w n disease. For lack of other specimens with similar symptoms, no histological observations have b e e n m a d e so far.
Individual $2 (7 m m long} survived for 8 days feeding on A. dausi. At first, the tail of $2 was p a c k e d full of testicular products, a n d the ovaries were full of small eggs. W h e n $2 was s u d d e n l y decapitated 7 days after sampling, its testicular products decreased remarkably. O n e day before decapitation $2 did not feed and its ovaries revealed a space in their i n n e r side due to a decrease in egg number. Although $2 had no head damage, its h e a d was e v i d e n t l y severed. This headless chaetognath was still alive and its body 
D e c a p i t a t i o n u s u a l l y o c c u r s w h e n c h a e t o g n a t h s e x h i b i t h e a d d a m a g e a n d d e c a y g r a d u a l l y d e v e l o p s . D e c a p i t a t i o n u s u a l l y t a k e s t i m e to o c c u r after h e a d d a m a g e first a p p e a r s . H o w e v e r , $2 w a s s u d d e n l y d e c a p i t a t e d w i t h o u t a n y h e a d d a m a g e .
U n d e r S E M t h e b o d y of $2 h a d a s l i g h t l y g r o t e s q u e a p p e a r a n c e (Fig. 2) $3 (7 m m long) b e g a n to lay e g g s 11 d a y s after s a m p l i n g a n d s u r v i v e d for 21 days, p r o d u c i n g a total of 10 e g g s . E g g -l a y i n g of $3 l a s t e d for o n l y 2 d a y s a n d t h e n s t o p p e d .
First A. clausi a n d t h e n Tigriopus japonicus, Oithona aruensis a n d p o l y c h a e t e l a r v a e w e r e o f f e r e d as food. T e s t i c u l a r p r o d u c t s of $3 i n c r e a s e d a n d d e c r e a s e d at i n t e r v a l s of s e v e r a l days. T h e h e a d of $3 b e c a m e o p a q u e a n d d a m a g e d 21 d a y s a f t e r s a m p l i n g . W e f o u n d m a n y b a c t e r i a in t h e h e a d . In a d d i t i o n to t h e p r e s e n c e of b a c t e r i a , t h e ciliary s e n s e o r g a n s o n t h e b o d y w e r e e s p e c i a l l y a b n o r m a l d u e to t h e a d h e s i o n of h a i r (Fig. 3) . O n c e t h e s e o r g a n s b e c o m e a b n o r m a l , t h e c h a e t o g n a t h m a y d i e of s t a r v a t i o n b e c a u s e t h e s e o r g a n s a r e i m p o r t a n t for f e e d i n g ( F e i g e n b a u m , 1978; N a g a s a w a & M a r u m o , 1978, 1982) . W h i l e t h e r e a s o n for t h e d e v e l o p m e n t of this a b n o r m a l i t y i n t h e ciliary s e n s e o r g a n s r e m a i n s o b s c u r e , w e a t t r i b u t e it also to a n u n k n o w n d i s e a s e a n d n o t to b a c t e r i a l i n f e c t i o n . S c a n n i n g e l e c t r o n m i c r o g r a p h s s h o w e d t h a t t h e ciliary s e n s e o r g a n s of S4 w e r e a t t a c k e d b y b a c t e r i a (Fig. 4) . B e c a u s e of b a c t e r i a l a t t a c k , t h e h a i r of t h e s e o r g a n s d i s a p p e a r e d b e f o r e d e a t h . ( N a g a s a w a et al., 1984) . Hair is covered by slime. × 3600. (F) A part of another ciliary sense organ slightly infected by bacteria. × 3600 7 days after s a m p l i n g a n d t h e n its tail r e m a i n e d empty. P o l y c h a e t e l a r v a e w e r e offered. $6 (7 m m long) laid 9 e g g s 2 days after s a m p l i n g a n d s u r v i v e d in the l a b o r a t o r y for 9 days. At first, it w a s p a c k e d full of testicular products but t h e y b e g a n to d e c r e a s e 5 days after s a m p l i n g a n d t h e n t h e tail b e c a m e empty. O, a r u e n s i s i n d i v i d u a l s w e r e offered, but $6, like S4, o n l y fed on a s m a l l n u m b e r of t h e s e copepods. $7 a n d $8 (both w e r e 5 m m long) s u r v i v e d for 4 days, T e s t i c u l a r p r o d u c t s of t h e s e t w o s p e c i m e n s w e r e f e w at first a n d t h e n d i s a p p e a r e d c o m p l e t e l y . A. clausi w e r e offered but no f e e d i n g occurred. This s u g g e s t s that S7 a n d S8 d i e d of starvation d e s p i t e a m p l e food. N o b a c t e r i a w e r e f o u n d on the b o d y surface of i n d i v i d u a l s S5 a n d $6, w h e r e a s a s m a l l n u m b e r of b a c t e r i a o c c u r r e d on S7 a n d $8. S o m e parts of the b o d y of $5 w e r e p r o t u b e r a n t (Fig. 5) w h e r e a s l a r g e n u m b e r s of g r a n u l a r p r o c e s s e s c o v e r e d almost the e n t i r e b o d y of S6 (Fig. 5) . O n the b o d y of S7 b a c t e r i a l i n f e c t i o n w a s not d e t e c t e d but s o m e b r a n c h -l i k e g r o w t h c o v e r e d s o m e parts of the b o d y (Fig. 5) . Bacteria a t t a c k e d only the h o o k s of S7 (Fig. 5 ). S o m e parts of the b o d y of S8 w e r e c o v e r e d by a l a r g e n u m b e r of f i l a m e n t s a n d a s m a l l n u m b e r of b a c t e r i a w e r e f o u n d t o g e t h e r w i t h t h e s e filaments (Fig. 5) .
B a c t e r i a l i n f e c t i o n o f c i l i a r y s e n s e o r g a n s S4 (7 m m long) l a i d 4 e g g s 2 d a y s a f t e r s a m p l i n g a n d s u r v i v e d for 13 days. T e s t i c u l a r p r o d u c t s of $4 d e c r e a s e d 6 d a y s a f t e r s a m p l i n g a n d t h e n t h e y d i s a p p e a r e d . T h u s , its tail r e m a i n e d e m p t y u n t i l it d i e d . P r o g r e s s i v e a t r o p h y o c c u r r e d i n $4. T h e h a i r of t h e ciliary
r a n s p a r e n t at t h e t i m e of d e a t h u n l i k e t h e c o n d i t i o n w h e n d e a t h is c a u s e d b y h e a~¢ b a c t e r i a l i n f e c t i o n
O n the w h o l e , the a b o v e -m e n t i o n e d t r a n s p a r e n t c h a e t o g n a t h s ($4, S5, $6, $7 and $8) s h o w e d a d e c r e a s e in testicular p r o d u c t s d u r i n g culture. A p p a r e n t l y , t h e y fed m u c h less than $1, $2 and $3. Due to low ingestion the testicular products of these animals are considered to have been consumed as energy resource, and thus finally disappeared. Opaque parts of the chaetognaths are usually infected by bacteria . In contrast, transparent chaetognaths have various types of condition. Although most of them had no bacteria on the body, the body surface was unusual and rough and it was sometimes covered with some abnormal growth. Transparent chaetognaths have no or few bacteria compared with opaque ones.
DISCUSSION
Head or tail damage of chaetognaths caused by bacterial infection occurred in 60 % of chaetognaths kept in the laboratory, whereas about 10 % of the chaetognath population in the sea showed bacterial infection . Each type of X-diseases reported here was observed in 1% of the individuals kept in the laboratory. However, X-disease No. 1 may account for 2 % of the specimens in the laboratory, since $2 showed a slightly grotesque appearance similar to $1. Chaetognaths with X-disease as in Sl and abnormality of ciliary sense organs (X-disease in $3) have not been found in field samples. However, taking into account the lower frequency of bacterial infection in the sea compared to that in the laboratory, the frequency of X-diseases may be very low in the sea, and unhealthy chaetognaths are unlikely to be caught because of rapid death, sinking and decay.
Chaetognaths which remained transparent at the time of death accounted for 9 % of the dead chaetognaths recorded in the laboratory . Bacterial infection of ciliary sense organs occurred in cultivated Sagitta crassa at the rate of 1% ; such bacterial infection with tail damage was observed also in S. helenae Ritter-Zhhony, obtained from the Atlantic Ocean and kept in the laboratory (Fig. 6) . We found that ciliary sense organs of field samples (S. crassa) were slightly infected by bacteria (Fig. 6) .
No bacteria or few bacteria were related to the death of chaetognaths that remained transparent but some abnormal structures were found on their bodies unlike any found in healthy specimens. These abnormal structures are frequently observed in field samples from Tokyo Bay (Nagasawa, unpubl.) .
Observations and examinations of diseases and abnormalities of chaetognaths have rarely been made. It is necessary to investigate the nature of chaetognath diseases in order to understand their causes and to estimate their contribution to chaetognath mortality in the sea. Basic research on marine animal diseases including X-diseases of chaetognaths requires more attention both in regard to the relations between disease agent and host, and the capacity of these diseases to affect, direct or even control the flow of energy and matter in marine ecosystems.
